Modulation and heliocentric gradient of low energy cosmic rays near solar minimum, 1965 by Winckler, J. R. & Kane, S. R.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19690022457 2020-03-12T03:32:09+00:00Z
I
Modulation and Heliocentric Gradient of Low
Energy CGsmic Rays near Solar Minimum, 1965
S. R. Kane*
 and J. R. Winckler
CR-131
March 1969
School of Physics and Astronomy
Un i vers i t ofMjmula_:,
mi nnneapo i s_, Minnesota
Now at the Space Sciences Laboratory, University of California, Berkeley,
California
t
ABSTRACT
Cosmic ray total ionization measurements made in space near the earth
with the OGO-I and OGO•III ion chambers (cutoff = 12 MeV per nucleon for
protons and helium nuclei) during the period September, 1964 - December, 1967
are presented. In order to determine the characteristics of the solar
a
modulation and the heliocentric gradient of the galactic cosmic rays, the
OGO measurements are compared with the measurements made with the Mariner IV
ion chamber (cutoff at
 10 MeV per nucleon for protons and helium nuclei),
Mariner IV cosmic ray telescope (protons: 70-170 MeV, helium nuclei > 70 MeV
per nucleon) and Deep River neutron monitor (geomagnetic cutoff =430 Melt
for protons). The findings are as follows: (i) Unlike the recovery phase
of a Forbush decrease, in which low energy galactic particles recover slower
than the higher energy particles, the recovery phase of the 11-year variation
is characterized by the simultaneous recovery of all particles with energy
> 10 MeV per nucleon. Thus, the energy dependence of the 11-year variation
'h
is in general different from that for Forbush decreases. (ii) As compared
to the recovery phase (before May, 1965) the apparent long-term modulation
of the low energy (> 12 MeV per nucleon) particles was relatively less
during the early decreasing phase (June, 1965 - December, 1966) giving rise
to -the "hysteresis" effect. The observed effect, which was maximum (=13%)
from 30 June 1966 - 4 July 1966, disappeared completely by 22-28 April 1967.
(iii) The hysteresis effect is probably a characteristic of the modulation
mechanism. It is not 'likely to be due to the time variation of a quiescent
flux of energetic solar particles. (iv) The observations in 1964-1965 are
consistent with a heliocentric gradient of 4% pet A.U. in the range
	 is
100-1028 A.U. and probably also in'the range 1.0-1.56 A.U.
m. y::
-Z-
A. INTRODUCTION
The cosmic ray intensity is known to undergo an 11-year variation
approximately in anticorrelation with solar activity. The magnitude of the
variation depends on the energy of the particles under consideration and
r	
the level of cosmic ray intensity. The dependence of these modulation
characteristics on the phase of the modulation cycle (decrease or recovery)
has not been clearly established. For example, from the study of the neutron
monitor data during the last solar cycle, Lockwood and Razdan (1963) and
Simpson (1963) have shown that the recovery and decrease phases exhibit
a different rigidity dependence, this "hysteresis" effect being most marked
near the beginning of the decrease or near the end of the recovery phase
(Lockwood and Razdan, 1963). On the other hand, O'Gallagher (1967), who
has compared several neutron monitors during the period 30 September 1964 -
31 August 1965, has concluded that there was-no significant difference
("hysteresis effect") n the energy dependence of the modulation before and
after the cosmic ray maximum in May, 1965. He , used this inference to
determine the heliocentric cosmic ray gradient in space. However, evidence
now available indicates that a hysteresis effect does exist at low
energies (Balasubrahmanyan et al., 1968; Kane, 1967) and therefore a
reinterpretation of the cosmic ray , gradievit measurements is in order.
In this paper the total cosmic ray ionization measurements made near
the earth with the OGO-I and OGO-III ion chambers during the period September,
1964 - December, 1967 are presented and their implications regarding the
energy dependence of the long term modulation and the heliocentric gradient
are investigated.
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B. OGO ION CHAMBER MEASUREMENTS
The OGO ion chamber experiment has been described in detail by Kane (1967).
The cosmic ray measurements for the period September, 1964 - Maye 1965
have been reported by Kane et al.(1965a). An evaluation of the response
characteristics of the OGO chamber was presented in our earlier publications
(Kane et al., 1965a; 1965b; Kane, 1967). A summary of these findings is
presented in Table 1. The minimum energy for penetrating the chamber wall
is '12 MeV/nucleon for protons and a-particles and a 0.6 MeV for electrons.
As far as the galactic cosmic rays are concerned, the chamber response is
sharply peaked at =l BV rigidity at solar minimum and the mean rigidity
of response for the entire cosmic ray spectrum is 2 BV.
The OGO data used in this paper consist of the daily and monthly averages
of the ion chamber measurements made at geocentric distances between 15 and
25 earth radii. At these distances the quiescent chamber rate is presumably
due to the galactic cosmic rays. The OGO chamber is capable of detecting
a change > 2% relative to this background rate. Increases characterized
by large irregular fluctuations are sometimes superposed on the galactic
background and are believed to be due to transient magnetospheric electron
fluxes similar to those observed earlier by various workers (see for example
Anderson et al., 1965). Transient increases in the chamber rate are also
caused by energetic X-ray and particle events associated with solar flares.
Such solar flare events can be identified by their correlation with other
solar flare emissions and the time-rate profile for the OGO chamber which
invariably shows a sharp rise and relatively slow smooth decay (see for
example Kane et , al., 1968; Arnoldy et al., 1968). All time intervals in
which transient radiation of magnetospheric or solar flare .origin°, was
suspected are not included in the present analysis. The possible contribution
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of the transient radiation to the OGO data presented in this paper is
estimated to be < 2%,
The OGO ion chamber rates are expressed in units of "normalized pulses
sec" l x 10
31,
	 wil y be abbreviated henceforth as LAPPS x 103 . These
Y
	 units were used for chambers flown on balloons during the International
Geophysical Year and are useful for comparing the absolute rates of the
University of Minnesota ion chambers over a long period of time. Before
launch, both OGO-I and OGO-III chambers were calibrated and normalized in
the laboratory so that their pulsing rates under the "Standard" y-ray source
were equal. OGO-I was launched on 5 September 1964 and OGO-III was launched
on 7 July 19664 The first opportunity to compare-the-absolute-cosmic ray
rates measured simultaneously by these two chambers occurred in September, 1966.
Table 2 shows the simultaneous daily mepn cosmic ray rates of OGO-I and
OGO-III chambers during the period September, 1966 - May, 1967. It can be
seen that both the chambers agree within = 1.5% and that there is no observable
systematic time variation of the calibration of the two chambers relative
to each other during this period of 9 months. We therefore conclude that
the calibration of both the OGO-I and OGO-III chambers remained unchanged
within = 105% since their launch and through May, 1967. The data for
June - December, 1967 indicate that this is also true through December, 1967
and hence for all the OGO data under present study. Therefore no
distinction will henceforth be made between OGO-I and OGO-III ion chambers.
Figure 1 shows the monthly averages of the OGO ion chamber rate plotted
against time for the period September, 1964 - Uecember, 1967. Also
shown for comparison are the monthly average rates of the Deep River neutron
monitor (1960-1967), Pioneer V ion chamber (Arnoldy et al., 1964) and
Mariner II ion chamber (Neher and Anderson;-1964a): In order-to avoid -
the possible variation due to the cosmic ray gradient in space, the Pioneer V
w
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and Mariner II ion chamber data obtained only during the first month after
the launch of these spacecraft is shown in Figure 1. The procedure used
for normalizing the measurements by these ion chambers to the OGO ion
chamber measurements is discussed in detail by .Kane et al. (1965b).
From Figure l it can be seen that during this period 1960-1967 the galactic
cosmic ray intensity as measured by an ion chamber in space near the earth
and a high latitude neutron monitor reached its maximum value in May, 1965.
There is a good overall correlation between the two detectors throughout
the period 1960-1967,
C. ENERGY DEPENDENCE OF THE LONG-TERM MODULATION
The well known Forbush decreases are superposed on the long-term
variation of the cosmic ray intensity. An example of a large Forbush decrease
recorded by the OGO ion chamber is shown in Figure 2. Here the fractional
decrease of the daily mean rates of the Deep River neutron monitor and
the OGO ion chamber are plotted against time for the period 21 October -
12 December 1966. In each case the average of the counting rates on 21
and 22 October is taken as the predecrease reference level. From Figure 2
we note the following:
1. During the period 30 October - 14 November, the ion chamber
rate continued to recover from the Forbush decrease although
the neutron monitor rate remained essentially constant.
2. After the small decrease on 18 November the neutron monitor
recovered by 30 November to within 0.2 percent of its rake on
21-22 October; however, ion chamber-did not recover to its
21-22 October value until about 8 December. Thus, the recovery
of the low energy particles seems to be considerably slower
than that for the higher energy particles. Such an effect has
^-:; f	 ^,_;^^---^-	 ^	 ^	 -.r,.-. erg`s-	 Sza^_ "^ 	_.^.•..-
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also been seen earlier in case of the Forbush decrease of
30 September 1962 observed with the Mariner III chamber (Rao, 1965),
On the other hand Figure 1 indicates that in case of the long-term
variation all particles with energy > 12 MeV per nucleon recover to their
maximum value in a solar cycle at essentially the same time, We may therefore
conclude that the energy dependence of 'the Forbush decrease and the 11-yeas
variation are in general different. This conclusion is in agreement with
our earlier result ( Kane et al.,  1965x) .
In order to study the long-term variation, it is therefore essential
to remove from the data any effects of the Forbush decreases. In the
present analysis this was achieved in the following way: Days were
selected for which both the chamber and neutron monitor data were available.
Out of these days only those groups of days were used which satisfied
the following criterions based on the neutron monitor data;
In No Forbush decrease was in progress.
2. At least ten days had elapsed since the complete recovery from
the previous Forbush decrease.
A regression plot of the data selected in this manner is shown in Figure 3
where the time intervals covered by each group of data points are also
indicated,, For reference we have also shown the data points for the
Mariner II ion chamber ( Neher and Anderson, 1964a) during the period
1-28 September, 1962. The solid line is a least square fit straight line
for the 7 October 1964 -.
,
15 May 1965 data points (correlation coefficient =
0.94). The dashed line is an extrapolation of the solid line so as to pass
through the 1-28 September 1962 data points. The two lines together may
be considered as the regression curve for the period 1 September 1962 to
15 May 1965, i.e., the recovery phase of the last solar cycle.
a.Aa-..r..	 -	 .,x -.. F;*	 ^.^,.	 :..__. ^#_^^^	 . ^,y^{.i.^iar^Ys^;^....^..c^... ^..w.;^...^ 	 ^&,3u.._.. ^^^i•^	 ........._.a__.
•	 a
r	
..	
s.,^
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During the period 9 September. 1965 - it December 1966 the data points
lie consistently above the regression line giving rise to the so-called
"hysteresis effect". It implies in this case that, as compared to the
recovery phase (before May, 1965), the apparL.it
 modulation of the low
F	
energy particles was relatively less during the early decreasing phase
(June, 1965 December, 1966), The observed effect was maximum (o 13%)
from 30 June - 4 July 1966 and disappeared completely by 'i`2-28 April 1967,
It is important to note that during the period July, 1966 - April, 1967
there was a large decrease (= 17%) in the ion chamber rate while the
decrease in the neutron monitor rate was < 1%. The implication of this
significant result will be discussed in a later section.
D. COSMIC RAY GRADIENT IN THE HELIOCENTRIC RANGE 1,0 - 1.28 A.U.
In order to make an accurate measurement of the heliocentric radial
gradient of cosmic ray intensity, it is essential to have simultaneous,
intensity measurements made with identical detectors at different heliocentric
distances. Although no such ideal measurement has been made until now,
an experimental arrangement close to the ideal one existed during the period
30 November 1964 14 March 1965 when the Mariner IV spacecraft was moving
away from the sun and the OGO-I satellite was orbiting the earth. Since
the ion chamber experiments aboard these two spacecraft are similar
(proton cutoff energy a 10 MeV for Mariner IV and 12 MeV for OGO) an
estimate of the radial gradient can be made by comparing their relationship
when the Mariner IV was near the earth with that when it was in deep space.
Figure 4 shows the regression plot of the daily mean rates of the
Mariner IV (Anderson, 1968 - Figure 3a)-and OGO
- I ion chambers
	 I't can be
seen that during the period 29 November 1964 - 14 March-1965 the'totai
cosmic ray intensity increased by = 9. 5% and a good correlation existed
W8-
between the two chambers during this entire range of variation.
To determine the intensity gradient we divide the total time interval
into two parts, vi A'	 29 November 1964 - 29 December 1964, and BI
8 March 1965 - 14 March 1965. The intervals A" and B' represent respectively
time periods when Mariner IV was at an average heliocentric distance of
1.0 and 1,25 A.U. Figure 5 shows the regression line obtained by least
squares fit to the data in the interval A' and also the location of the
data points in the interval B' relative to this line. It`can be seen that
all the points in the interval B' ' ie wi thi ►, v 1.2% deviation from this line,
the point for 8 March 1965 being only 0,4% above the line, If the maximum
deviation of 1x2% is attributed to the intensity gradient, one has to assume
a relatively sharp discontinuity in the intensity because most of the
intensity variation occurred within one day from 8 March 196:, to 9 March 1965
(see Figure 5), We also note that the maximum observed effect (= 1.2`6),
which is of the same order as the long,-term stability (= 1%) of the Mariner IV
(Andersen, 1968) and the OGO-I ion chambers, is. much less than the total
intensity variation (m 9.5%) during the period of observation (see Figure 4).
Therefore we conclude that the OGO-I and Mariner IV ion chamber observations
are consistent with an average heliocentric gradient of 0% per A.U. over
the range 1,0 - L28 A.U0
In a similar analysis of the Mariner IV ion chamber data, Anderson
(1968) used the Ottawa neutron monitor and IMP/OGO GM counter as the
cosmic: ray monitor near the earth His estimates and the present result
about the gradient are presented in Table III'together with the cutoff
energy of the detector used in each case as the monitor near the earth.
It can be seen that the apparent magnitude of the intensity gradient decreases
as the cutoff energy of the monitor approaches the cutoff energy of the
Mariner IV ion chamber, viz 10 McV., Therefore Anderson's (1968) analysis
v	
ON
 
•	 -fire
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is not inconsistent with the present estimate of # 0% per A,U. for the
gradient,
It is important to note that the present estimate of a 0% per A.U.
for the-gradient in the heliocentric range 1.0 - 1.28 A.U, is also consistent
with the measurements made by 0`Gallagher (1967) and Krimigis (1968) with
detectors aboard the Mariner IV spacecraft over the same heliocentric range
and during the same time period
Eo DISCUSSION
The hysteresis effect, reported earlier by Balasubrahmanyan et alp (1968)
and Kane (1967) and presented here in a more complete form, can be
attributed to any one or both of the .fol l owi.ng:,
to energetic particl.es of solar 6rigir (electrons, protons, helium
and heavier nuclei)
2. a characteristic of the solar modulation of the galactic cosmic rays
If the hysteresis effect is due to°a quiescent flux of solar particles
in the-vicinity-of-the earth (or-possibly throughout most of the solar system),
Figure 3 requires that these particles have the following characteristics:
to Energy > 12 MeV per nucleon for protons and helium nuclei,
> 0.7  MeV for electrons,,
2q Overall increase in intensity from May, 1965 to June, 1966,
30 large drop in intensity from July, 1966 to April, 19670
The last required property is not supported by the available indirect
observationso For example, the observed Zurich sunspot number (smoothed)
increased continuously ,from-14,,6 in May, 1965 to 8406 in April, 1967
(Solar Geor',ysical Data, IER-FB-290, October, 1968). Also the number of
solar cosmic ray events as measured by a polar riometer increased from
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1 in the period May, 1965 - June, 1966 to 10 in the period July, 1966 -
April, 1967 (Masley and Goedeke, 1968),,. Thus there is no evidence for a
decrease -► n either the solar activity or in the production of energetic
sol ar particles during the period July, 1966 - April, 1967. We may therefore
conclude that energetic particles of solar origin are not likely to be the
cause of the obser-,^,ed hysteresis effect., The observed increase in solar
activity during the period' May, `1965 - April , 1967 is consi stent with the
present observations (F i gure 3) if the hysteresis effect Is a characteristic
feature of the solar modulation of the galactic cosmic rays,
The present measurements alone cannot yield the charge or energy spectrum
of the particles which give rise to the-hysteresis effect. O'Gallagher (1969)
has presented arguments to show that the low energy (50-100 MeV per nucleon)
galactic protons or helium nuclei cannot be responsible for the observed
hysteresis effect, and that the effect is probably caused by 50% increase
in the flux of interplanetary electrons of energy = 5 MeV,. Observations
of 3.75 ­
 10 MeV electrons by Cline and McDonald (1968) do not show such a
large increase in the quiescent e'^ectron flux from June, 1965 to July, 1966,
a period in which the hysteresis effect was increasing. In fact the electron
flux during 30 June	 4 July 1966 was, if at all, somewhat less than that
during 1-5 June 1965 (Figure 5 of Cline and McDonald, 1968) o In addition
to this evidence, we note that the analysis of O'Gallagher (1969) involves
extrapolation and normalization of the original measurements made by several,
different workers and that only 9 independent data pointi (with uncertainties
as 'large as + 25%) are used to determine two different regression lines.
Therefore, we believe that the question regarding the identity of the
particles responsible for the hysteresis effect is still open.
f,
..'^
In the following discussion we investigate the consequence of the
assumption that the hysteresis effect is caused mostly by galactic protons
and helium nuclei with energy in the range 12-400 MeV per nucleon, This
assumption is consistent with the fact that the hysteresis effect is observed
in the OGO ion chamber (cutoff 12 MeV per nucleon) and the IMP-OGO monitor
(cutoff 50 MeV per nuc""eon) of Gadasubrahmanyan et a), (1968) but not in a
high 
.
latitude rieutron monitor (O'Gal -lagher, 1967), If the above assumption
is true, the hysteresis effect should also be present in the measurements
made by O'Gallagher (1967) and O'Gallagher and Simpson (1967) with a cosmic
ray telescope aboard the Mariner IV :spacecraft., A hysteresis effect can
indeed be seen in the regression plot of the Mariner IV telescope against
the Climax neutron monitor (Figuire '7'bf
 O'Gallagher, 1967)0 O'Gallagher has,
however, interpreted this effect to be entirely due to a heliocentric cosmic
ray gradients. Figure 6 shows a regression plot of the published 5-day
averages of the Mariner IV telescope (O'Gallagher and Simpson, 1967) against
the corresponding averages of the OGO-I ion chamber during the period
30 November 1964 25 September 1965. During this peri od the heliocentric
distance of the Mariner IV spacecraft increased from 1.0 A.U. to 1.56 AaUo
In Figure 6 the data points for the time "interva6s before the cosmic ray
maximum (15 May 1965) are shown by solid circles and those after° , the maaximum
are shown by open yquares. It can be seen -that, irrespective of the
increasing or decreasing phase of the solar cycle modulation and the
increasing  di stance of the Mariner IV spacecraft, a single valued relation-
ship existed between the Mariner IV and OGO-I detectors. This indicates
that a large hysteresis effect was probably present in the mariner IV
measurements. A correction for this effect is expected to reduce the
gradient estimated by O'Gallagher (1467) and O'Gallagher and Simpson (1967)
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to = 0% per A,U. This value is consistent; with the estimated = 0% per A.U.
gradient in the heliocentric range 1.00 - 1028 A.U. (Section D above) and
with the estimate of Krimigis (1968) for protons with energy > 430 MeV
and that of Vernov et al,, (1967) for protons and helium nuclei with energy
>30 MeV per nucl eon,o
Krimigis and Venkatesan ('1968) have recently "extended" the earlier
analysis of the Mariner IV counter data by Krimigis (1968) to protons and
helium nucleii of energy > 50 MeV per nucleon. 'They have concluded that
at these energies (i) the interplanetary flux of protons and helium nuclei
consists of particles of solar as well as galactic origin, the solar contribution
being >10%; (ii) the radial gradient in intensity during 1964-1965 and dur-
ing
 May, 1967 - November, 1967 was directed towards the sun; (iii) the magnitude
of the gradient increases with solar acitvity, its value being 15.1% per
A.) U ^ 'in 1961-1965 and 24-29% per kU o In May, 1967 - November, 1967
The principal difference between the analysis of Krimigis (1968) and
Krimigis and Venkatesan (1968) lies in -the choice of the reference monitor
near the earth. Whereas Krimigis (1968) compared the Mariner IV data
with the Deep River neutron monitor, Krimigis and Venkatesan (1968) compared
the same Mariner IV data with the IMP-OGO monitor of 8alasubrahmanyan et al.
(`1968). For details of the analysis we refer the reader to the original
papers of these authors. Here we only wish to point out that, contrary to
the assertion of Krimigis and Venkatesan (1968), their conclusions mentioned
above for protons and helium nuclei with energy > 50 MeV per nucleon and
the gradient estimate of Krimigis (1968) for protons > 430 MeV cannot
be accepted simultaneously,, For example if the estimate of Krimigis and
Venkatesan (1968) is true, we find that the Mariner IV counting rate
(especially the fraction of the rate which is most sensitive to solar
.a
s ^'•
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modulation) is highly contaminated by particles of solar origin. Therefore the
variations in the Mariner IV rate need not necessarily be related either in
phase or in magnitude to the variations in the Deep River neutron monitor.
A comparison between these two detectors would, under these circumstances,
0
be of questionable value and hence the gradient estimated by Krimigis (1968)
could not be justified.
Moreover the conclusions of Krimgis and Venkatesan (1968) imply that
near the solar maximum the gradient of protons and helium nuclei with energy
>50 MeV per nucleon should be directed towards the sun and must be of magnitude
>27% per A.U. The measurements made near the last solar maximum by Arnoldy et
al. (1964), Simpson et al. (1962) and Neher and Anderson (1964b) are summarized
in Table IV. It can be seen that these measurements do not support the large
gradient towards the sun implied by the conclusions of Krimigis and
Venkatesan (1968).
F. CONCLUSIONS
14 Unlike the recovery phase of a Forbush decrease, in which low
energy galactic particles recover slower than the higher energy
particles, the recovery phase of the Ili-year variation is
characterized by the simultaneous recovery of all particles
with energy > 10 MeV per nucleon. Thus the energy dependence of
the 11-year variation is in general different from that for
Forbush decreases..
20 As compared to the recovery phase ( before May, 1965) the apparent
long-term modulation of the low energy (>12 MeV per nucleon)
particles was relatively less during the early decreasing phase
(June, 1965 - December, 1966) giving rise to the "'hysteresi s"
effect. The observed effect, which was maximum (=13%) from
VA
	
X	 ^.	
or
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31 June 1966 - 4 July 1966, disappeared completely by 22-28 April 1967,
30 The hysteresis effect is probably a characteristic of the
modulation mechanism. It is not likely to be due to time variation
of a quiescent flux of energetic solar particles.
4. The observations in 1964-1965 are consistent with a heliocentric
gradient of =0% per A.U. in the range 100 - 1.28 A.U. and
probably also in the range 1.0 - 1.56 A.U.
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TABLE I
OGO ION CHAMBER CHARACTERISTICS
Diameter	 17,8 cros
Wall thickness	 0,085 cros Aluminum
Argon pressure
OGO-I	 50 lbs/in2absolute
OGO-III	 60 lbs/in2absolute
Minimum energy for penetration by charged particles;
Protons	 12 MeV
Electrons
	
=0,6 MeV
Response to galactic cosmic rays at solar minimums
Rigidity for peak response	 =1 BV
Mean rigidity of response	 =2 BV
e	 k.	 'r i(a'1 +^ `.	 ^1I Y . ,K*^' ,1.. ', ,t T/^'t^ t,
	f	 Y	
W'"t.ii
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TABLE II
COMPARISON OF OGO-I AND OGO-III ION CHAMBERS
Dall y Mean Rate	 3 Ratio
Norma Pulses Sec x 10 ) OGO-I
Year	 Month Day ""	 V- - 5G6'MT
1966	 September 24 48,39 4946 Oo986
25 48 62 480 8 04988
October 7 5148 52 ,34 06989
11 5262 5167 16010
13 51 42 5141 10 002
1 4 5145 5163 14 004
17 50,7 5141 Oa 992
20 5400 5404 Oo993
21 5466 5408 06996
22 5460 5446 06989
25 5341 5342 Oa998
30 5047 5141 06992
31 5144 51a6 06996
November 2 5241 51 a 7 16008
5 5147 51'3'1 16012
E 5142 5147 06990
7 51,3,4 5148 04992
13 51 x6 510 9 Oo 994
17 5367 5460 04994
22 5364 53x6 Oa996
23 5364 5343 16002
24 52 x4 5248 Oa992
26 5260 5243 Oo994
28 5341 5343 Oo996
29 5303 5345 04996
30 53o5 5346 Oo998
December 1 5361 5342 06998
5 5465 5349 14011
1967 	 March 26 5069 5102 04994
April 9 5347 5242 14029
11 4703 4706 04994
13 4703 4744 04998
27 4709 48x3 04992
May	 2	 4409	 4543	 0 991
Average	 0 o 99 7
.	 ^*W..
ionization
75
	
25
1,00.0,93
	
1,00-Oo93
0+20
	
=0
Simpson et al,
(1962)
Arnoldy et a1,
(1964)
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TABLE III
GRADIENT DEDUCED FROM MARINER II ION CHAMBER
PParen
Monitor Near Cut-off Energy Gradient
The Earth for Protons (MeV) -, per Ao U,) Reference
Ottawa =450 15-22 Anderson (1968)
Neutron
Monitor
IMP/OGO 50 5,2-804 Anderson (1968)
GM Counter
OGO-I 12 ct0 Present work
Ion Chamber
TABLE IV
COSMIC RAY GRADIENT NEAR SOLAR MAXIMUM
Year of Measurement	 1960	 1960
Spacecraft	 Pioneer V
	 Pioneer V
Quantity measured	 Particle flux	 Total
Cut-off energy for protonsNO
Heliocentric range (A,Uo)
Estimated gradient
(% per A, U,)
Reference
1962
Mariner II
Tota l
ionization
10
1,00-0,75
12 + 4
(away f rom
the sun)
Neher and Anderson
(1964b)
r
r
}
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FIGURE CAPTIO NS
,f, Monthly averages of the OGO ion chamber rate plotted against time for
the period September,, 1964-December, 1967, Also shown for comparison
are the monthly average rates of the Deep River neutron monitor
(1960^1967) 0
 Pioneer V ion chamber (Arnoldy et alp, 1964) and
Mar'i per 11 ion chamber (Neher and Andersono 1964a)o Note that the
Ion chamber in space and the neutron monitor both recorded maximum
cosmic ray intensity simultaneously in May, 1965,
2 A
	
Example of a large Forbush decrease recorded by the OGO ion chamber
and the Deep River neutron monitor,, Fractional decrease in the daily
mean rates of the two detectors during the period 21 October-12 December
1966 are plotted against timed Notice the slower recovery of the ion
chamber as compared to the neutron monitor6
3M
	
Regression plot of the daily mean rates of the OGO ion chamber and the
Deep river neutron monitor during the period 7 October 1464-25 October
1967,1 For comparison the data points for Mariner II ion chamber
(1 -28 September 1962) are also shown,, The solid line is a least square
fit to the data points for the period 7 October 1964-15 May 1965
(before cosmic tray maximum)
	 The dashed line is an extrapolation of
this line so as to pass through the Mariner 11 data points,, Notice
that (i) the points for the period 9 September 1965-11 December 1966
Ile consistently above the regression line ("hysteresis" effect),
(ii) large  drop in ion chamber rate from 25 August 196628 April, 1967
without significant change in the neutron monitor (disappearance of the
hysteresis effect),,
t^° .p .	 r	 ..: s	 m ,	 m,^, ,
O» 19-
44 Regression plot of the daily mean rates of the Mariner IV (Anderson, 1968)
and OGO* I ion chambers during the period 29 November 1964-14 March 19654
5o Regression analysis for the data shown in Figure 44 The solid tine
represents the relationship between the OGO and Mariner 'IV chambers
when the latter was near the eartho
6o	 Regression plot of the 5 day averages of the Mariner IV cosmic ray
telescope (O'Gailagher and Simpson, 1967) and the OGO -I ion chamber
during the period 30 November 1964.25 September 1965 0 Notice that
the relationship between the two detectors is essentially independent
of the increase and decrease in cosmic ray intensity as well as the
increasing distance of the Mariner IV spacecraft4
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